Roche Diagnostics Scandinavia AB). Disintegration of the cells was achieved using an Xpress (Biox, Gothenburg, Sweden). Cell debris was removed by centrifugation at 19, 500 g, at 2 ºC for 10 minutes. Cell extracts were stored at -80 ºC until used. The protein concentration was determined according to the method of Bradford (14). Bovine serum albumin was used as a standard.
Enzyme assays
Two different assays were applied in order to detect TP in cell extracts of L. lactis cultivated on trehalose. The first assay was performed according to the assay of MP (13), except that maltose was replaced by trehalose. Another assay for TP activity detection was performed using a glucose oxidase-peroxidase method to determine the amount of D-glucose released, as previously described (8, 15) . To detect the presence of TH in cell extracts the first method of TP measurement was performed, omitting phosphate in the assay mixture. All measurements of TP and TH were performed on a Hitachi U-2000 spectrophotometer (Hitachi Ltd., Tokyo, Japan). Measurements of TrePP activity were conducted on a Cobas Mira autoanalyzer (ABX Diagnostics, France). The measurement of TrePP activity was coupled to the formation of NADPH and the absorbance was determined at 340 nm. The assay mixture (total volume 150 µl) contained 0.1 M potassium phosphate buffer, pH 7.0, 3.75 U/ml glucose 6-phosphate dehydrogenase, 0.8 mM NADP + and 0.67 mM T6P. T6P was used as the starting reagent. The above conditions for the TrePP activity measurements were employed to follow the purification of the enzyme and as the starting point for the kinetic studies of the enzyme.
Measurement of substrate consumption and product formation in TrePP catalysis
In order to investigate the presence of a trehalose metabolic enzyme in cell extract from trehalose-cultivated L. lactis, the cell extract was incubated with either trehalose or T6P. The consumption of substrate as well as product formation, resulting from any possible catalysis, was determined using high-performance anion-exchange chromatography (HPAEC) on a Carbopac PA-1 column with a precolumn (Dionex, Sunnyvale, CA, USA). Sugar phosphates and mono-and disaccharides were separated at room temperature using a 120 mM NaOH mobile phase at a flow rate of 1.0 ml/min. A linear sodium acetate gradient from 100-350 mM was applied from 0 to 15 minutes after sample injection. The injection volume was set to 25 µl and the compounds were quantified by pulsed amperometric detection with an ED40
detector (Dionex, Sunnyvale, CA, USA). The assay mixture (0.5 ml) containing 0.1 M potassium phosphate buffer, pH 7.0, cell extract (50 µg/ml protein) and 2 mM substrate, was prepared and an aliquot was directly withdrawn, diluted 1:10, and kept on ice until analyzed. anion-exchange column (5×0.5 cm) equilibrated with Buffer A. Proteins were eluted using Buffer A and Buffer B, which had the same composition and pH as Buffer A, but contained 500 mM KCl instead of 30 mM. A gradient elution of proteins was started using of 40 % Buffer B and continued until an elution volume of 7 ml was reached. Between 7 ml and 27 ml elution volume the concentration of Buffer B was increased linearly to a final value of 75 %.
The flow rate was set to 1.0 ml/min. TrePP-active fractions were pooled, concentrated tenfold and dialyzed against Buffer A using a centrifugal filter device with a M 
SDS-PAGE, native PAGE and molecular mass determination
All reagents used for SDS-PAGE and precast native gels were purchased form Bio-Rad. SDS-PAGE was performed according to the Laemmli method (16), using an acrylamide concentration of 10 %. The acrylamide concentration gradient was 4-15 % in the native gels.
Cell extract and pools from the purification procedure of TrePP were denatured by heating with an SDS-buffer containing 2-mercapthoethanol and then separated using SDS-PAGE. The protein bands in the gels were visualized by staining with Commassie brilliant blue R-250 or by silver staining (Silver Stain Plus kit, Bio-Rad). In native PAGE the samples were not denatured but separated directly and proteins were detected by either method used for SDS-PAGE gels. Native PAGE was carried out at 8 ºC, using precooled gels and running buffer. 
Determination of optimal conditions and the kinetics of TrePP catalysis
Investigations of optimal conditions for the enzymatic activity of TrePP were carried out using the standard assay on a Cobas Mira autoanalyzer (ABX Diagnostics, France) as described above, with varying parameters. For determination of the pH optimum, the pH of the potassium phosphate buffer was varied in the range from 5.5 to 8.0. In the investigations of divalent cation requirement, MgSO 4 was added to the TrePP assay at concentrations of 0-20 mM.
For the determination of the kinetic constants of the TrePP enzymatic reaction, one substrate was varied while the other substrate was kept constant at various excess concentrations. The reaction mixtures were incubated at 35 °C for 15 minutes, (diluted 1:20) and the product formation was analyzed using HPAEC. In all reaction mixtures less than 5 % of the reactants had been converted and thus the reactions were assumed to follow initial-rate kinetics. The K m values were determined from Lineweaver-Burk plots and the K m values of the enzyme for the reactants of the phosphorolysis reaction were also confirmed using the spectrophotometric assay (see above). To distinguish between sequential (ternary-complex) and non-sequential (ping-pong) kinetic mechanisms, initial-velocity measurements were carried out in the ggcctgcagttaagcaatgacttt-3´(reverse) containing a PstI restriction site. The 2.4 kb PCR product was ligated into the lactococcal expression vector pMG36e (20) and the resulting construct was named pTMB5011. For insertional inactivation of the trePP gene, a 1.2 kb internal DNA sequence of the gene was removed from pTMB2010 using the restriction enzymes Sau3A and XbaI and ligated into vector pFL20 (9), unable to replicate in L. lactis. The construct, pTMB5012, was transformed into L. lactis 19435 and homologous recombination was screened for on erythromycin-selective plates and confirmed by PCR. 
Results

Enzyme characterization
Cell extracts from L. lactis grown on trehalose were analyzed in various spectrophotometric assays specifically detecting trehalase, trehalose phosphorylase and trehalose 6-phosphate hydrolase activity. However, none of these enzyme activities could be detected. Instead, lactococcal cell extracts were incubated with trehalose or T6P and quantification and separation of sugars and phosphorylated sugars were carried out using HPAEC. Incubation of cell extracts with trehalose did not lead to any production of phosphorylated sugar, as would be expected if trehalose phosphorylase were present in the lactococcal cell extract. Neither could any glucose be detected, which would be produced by a trehalase. However, when the cell extracts were incubated with T6P there was considerable formation of G6P and βG1P (Fig. 2A) .
The enzyme, TrePP, responsible for converting T6P into G6P and β-G1P, was purified using ammonium sulfate ((NH 4 ) 2 SO 4 ) precipitation, size-exclusion and anion-exchange chromatography (Table 2) . One explanation of the remarkable changes in TrePP activity along the purification could be the presence of inhibitors, which were subsequently separated from the fractions containing TrePP. The final fraction of purified TrePP showed one band in SDS-PAGE corresponding to a molecular mass of 94 kDa under denaturing conditions (Fig. 3) . According to native PAGE, TrePP is a monomeric enzyme, since a band could be observed at 95 kDa. The purified pool of TrePP was used for the determination of the optimal conditions of its catalytic action (Fig. 4) . The temperature optimum of the phosphorolysis was estimated to be 35 °C, and the highest activity of TrePP was obtained when the pH of the phosphate buffer was set to 6.3. No requirement of a divalent cation in the TrePP catalysis could be found (data not shown). The Michaelis-Menten constants of TrePP for inorganic phosphate (P i ) and T6P were determined to be 32 mM and 6 mM, respectively, and for the reverse reaction the constants were determined to be 0.9 mM and 4 mM for β-G1P and G6P, respectively. When incubating pure TrePP with equal concentrations of either T6P and P i or β-G1P and G6P at 35 °C, the equilibrium constants were trePP and pgmB are highly likely to be located in the same operon, these genes are probably regulated similarly. (Fig. 6 ). This may be explained by the fact that maltose phosphorylase enzymes and TrePP have similar catalytic activity with regard to their phosphorolytic action. However, no significant sequence similarity could be found when the amino acid sequence of TrePP was compared with those of fungal trehalose phosphorylases (GenBank accession nos. BAA31349, Q9UV63), even if their catalytic actions seem to be similar. Furthermore, no trehalose 6-phosphate phosphatase or trehalose 6-phosphate synthase enzymes (GenBank accession nos. P31678, S72829, S48761, T05453, CAC17748, P31677, AAD30578, BAB54790) showed significant amino acid sequence similarity to that of TrePP, even if all kinds of enzymes act upon the same compound.
Interestingly, we concluded that some microorganisms are highly likely to harbor an enzyme of the same activity as TrePP. In the genome of Enterococcus faecalis a DNA sequence was found, whose resembling amino acid sequence showed 57 % similarity to that of TrePP ( Interestingly, in the genomes of two E. coli strains, ORFs likely to encode T6P-degrading enzymes, different from the characterized TPH, were observed (Fig. 6) . Furthermore, adjacent to these putative TrePP encoding genes, ORFs showing 62 % similarity to the amino acid sequence of β-PGM were detected (GenBank accession nos. AAG56485, AAC74399). It is tempting to believe that this introduces a new aspect of trehalose metabolism in E. coli similar to that in L. lactis.
We may conclude from the present study that lactococci harbor a novel route of trehalose metabolism. TrePP is an enzyme, which specifically catalyzes the interconversion between T6P and P i , and β-G1P and G6P. The gene encoding TrePP is located in a putative trehalose operon in L. lactis, including the genes probably encoding (in the following order) a regulator of the trehalose operon, trehalose-specific PTS components, TrePP and β-PGM. In the future, it would be interesting to investigate other bacteria, especially members of the different genera of lactic acid bacteria, for possession of TrePP and its connections to β-PGM activity. The top chromatogram shows a standard with 100 µM each of trehalose 6-phosphate (T6P), β-glucose 1-phosphate (β-G1P) and glucose 6-phosphate (G6P), the second shows T6P phosphorolysis after incubation of T6P and inorganic phosphate (Pi) with pure TrePP, and the lower shows T6P synthesis after incubation of β-G1P and G6P with pure TrePP. 
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